Increase in G-strand overhang signal after STN1 or CTC1 knockdown. Digested genomic DNA from shSTN1 or shCTC1 clones was separated on an agarose gel and hybridized with a probe to the G-strand overhang under non-denaturing conditions. Gels were then denatured and re-hybridized with the same probe. Signal from denatured gels were used to normalize for loading. Histogram shows representative data from a single experiment. WT, wild type; NT, non-target.
Supplementary Figure 2 (A)
Representative metaphase spreads from data collected for Figure  2B . MTS are denoted with white arrows and inserts show representative MTS scored. Green, FITC-telomere probe; Blue, DAPI. (B) RT-qPCR of CTC1 mRNA from HeLa 1.2.11 cells with siRNA knockdown. Cells were transfected twice with siRNA, 24 hr apart, and the RNA was extracted 48 hr after second transfection. Levels are relative to siNT with normalization to GAPDH (mean ± S.E.M, n=3 independent experiments). (C) MTS and telomere signal-free ends after knockdown of CTC1 in HeLa 1.2.11 cells using two different siRNAs. Cells were processed 48 hr after second transfection (mean ± S.E.M, n ≥ 3 independent experiments). WT, wild type; NT, non-target. (C) BrdU-labeled DNA was isolated at consecutive intervals during S-phase and leading and lagging strand telomeres were separated by CsCl density gradient sedimentation. The telomeric DNA in each fraction was quantified by slot blot hybridization and the percent of newly replicated leading strand telomere signal determined relative to total telomere. (D) Percent of newly replicated leading telomeres relative to the total telomere signal for each time period throughout S-phase. Data is representative of two independent experiments (E) FACS analysis showing synchrony of cells used to collect DNA in (C). NT, non-target. Note the cells exhibited slower release from the thymidine block as compared to cells in Figure 3 . This slow release also delayed the onset of telomere replication shown in panel D.
Supplementary

Supplementary Figure 6
Replication restart after HU treatment is inhibited by STN1 depletion in U2OS cells. Cells were treated for 2 hrs with 2 mM HU and released into medium containing EdU for 30 min. (A) EdU incorporation by U2OS shNT and shSTN1 pools after release from HU. Blue, DAPI; Green, EdU. (B and C) Quantification of EdU uptake by U2OS shSTN1 pools after release from HU, as measured by mean fluorescence intensity (mean ± S.E.M, n ≥ 3 independent experiments). AFU, arbitrary fluorescence units. (B) Graph represents the average intensity of all nuclei scored. (C) Graph represents the percent of nuclei above or below a given mean AFU. Each bar indicates the total number of nuclei above or below the AFU given below. Nuclei below 10 AFU are considered EdU negative, those above 10 AFU are EdU positive. NT, non-target.
Supplementary Figure 7
ATR signaling is not affected by STN1 depletion. Cells were treated with 2 mM HU for one hour then lysed as described in Methods. Whole cell lysate was separated by SDS-PAGE, proteins were transferred to nitrocellulose membrane and probed for phospho Ser345 CHK1 (~55 kD). Membranes were stripped and reprobed for total CHK1 (55 kD), then reprobed for α-actinin (100 kD) as a loading control. shNT2, non-targeting shRNA clone 2; shNT3, non-targeting shRNA clone 3; WT, wild type. Figure 6 . HeLa 1.2.11 shNT (black bars), shSTN1-7 (white bars), or shSTN1-7 Res (gray bars) cells were labeled with 50 µM EdU for 20 mins then left untreated (A) or treated with 2mM HU for 2 hours (B-E) followed by fixation (A, B) or release into fresh medium (C-E) for the indicated periods of time. Arbitrary Fluorescence Units (AFU) of RPA were determined for EdU+ cells by subtracting out the average RPA intensity of non-replicating cells in each image followed by binning of intensities in intervals of 20 AFU units. A single representative experiment is shown and is representative of three independent experiments. NT, non-target Data is the cumulative total for at least three independent experiments, except where indicated; MTS -Multi-Telomeric Signal; ^Cells were treated with 0.25 µg/ml aphidicolin (APH) for 16 hrs prior to metaphase analysis;*Totals from a single experiment; # Data is the cumulative total for two independent experiments; NT, non-target; WT, wild-type
Supplementary Figure 8. Quantification of the experiment shown in
Supplementary methods
Stable knock down of CTC1 and STN1 pLKO.1 constructs TRCN0000129086-D7 (5'-GATCAGAAGGTTCACCTCATT) and TRCN0000146364-D9 (5'-CAGGGAAATGACGACAATGAT) containing shRNA targeting human CTC1 (C17ORF68, NM_025099) were purchased from Open Biosystems. STN1 (OBFC1, NM_024928) shRNA clones were pGIPZ constructs V2LHS_176889 (5'-CAAGGCAATTCATAGTATA) and V2LHS_278078 (5'-GCAATTCATAGTATATTTA). A pLKO.1 construct containing a non-targeting shRNA was a gift from Susan Waltz. Lentiviral particles encoding these sh sequences were produced and collected as cell culture supernatant by the Cincinnati Children's Hospital Medical Center Viral Vector Core. shSTN1 and shCTC1 viral supernatants each contained a mixture of two viruses expressing the two targeting shRNA. HeLa 1.2.11 or U2OS cells were then transduced with either CTC1 or STN1 undiluted viral supernatant and cells were selected with 1 µg/ml puromycin to achieve single cell clones. Clones were then expanded and grown in 1 µg/ml puromycin to maintain selection. Knockdown was verified by reverse transcription and quantitative real time PCR (RT-qPCR) and/or immunoblotting.
Construction and expression of shRNA resistant STN1
Five translationally silent point mutations were made in the STN1 sequence corresponding to the shRNA sequences using PCR-mediated site-directed mutagenesis. Mutations are underlined: AAAGGCTATTCACAGTATCTTCA. A Flag tag was added to the N-terminus of STN1 by PCR-mediated fusion and subcloning the resulting KpnI-XhoI FlagSTN1 fragment into pcDNA3. These mutations were verified by sequencing. A 1 kb EcoRV-XhoI fragment encompassing the point mutations was subcloned back into pcDNA3. The resulting construct was called pcDNA-FlagSTNshR. The FlagSTNshR KpnI-XhoI fragment was then cloned into the multiple cloning site of the pMSCV-IThy1-1 retroviral vector, upstream of an IRES and the gene encoding the Thy1-1 cell surface protein. This construct was transfected together with pGag-pol and pMD.G-VSVG-env into 293T cells to produce retrovirus. Virus-containing culture supernatant was collected 48 hours after transfection. HeLa 1.2.11 shSTN-7 cells were transduced with the MSCV-IThy-FlagSTNshR viral supernatant diluted 1:1 with fresh medium. 48 hours after transduction, cells were trypsinized and sorted into low-Thy1-1-expressing and high-Thy1-1-expressing populations using APC-conjugated anti-Thy1-1 antibody (BDPharmingen).
Sorted cells were expanded and tested for STN1 expression level by immunoblotting.
siRNA knockdown
The small interfering RNAs (siRNA) were purchased from EZbiolab: TRF1, 5'-ACAGUAGUAGUCCUUUGAUTT-3'; CTC1-1, 5'-GAAAGTCTTGTCCGGTATT-3'; CTC1-2, 5'-CGTCGAAGATCGTCCCATT-3'; Non Target control, 5'-TTCTCCGAACGTGTCACGTTT-3'. HeLa 1.2.11 cells were subject to two rounds of transfection using oligofectamine (Invitrogen) and with a final concentration 100 nM siRNA duplex for TRF1 siRNA and lipofectamine RNA iMAX (Invitrogen) and 30 nM siRNA duplex for CTC1 siRNA. The efficiency of knockdown was assessed using RT-qPCR.
Immunoblotting
For STN1 detection, approximately 1 x 10 6 cells were resuspended in 100 ul of CHAPS buffer (30 mM Tris, pH 7.4, 1% CHAPS, 150 mM NaCl, 1 mM DTT and protease inhibitors), rotated for 1 hr at 4°C, and spun in a microcentrifuge for 30 min at 13,000 rpm. The supernatant was collected and the protein concentration measured with the DC protein assay (Bio-Rad). 10 to 25 µg of protein was then run on a 12% SDS-acrylamide gel and transferred to a nitrocellulose membrane. The membrane was then blocked in 1% fish gelatin (Sigma) overnight at 4°C and the membrane cut in half. The top half was incubated with α-Actinin (1:50,000) and the bottom half with α-OBFC1 (STN1) (1:1,000) for 5 hr at RT. After washing the membrane, Goat α-Mouse-HRP (1:1000) was incubated with the membrane for 1 hr at RT. Blots were then developed using the SuperSignal West Pico kit (Thermo Scientific).
For detection of CHK1 and phospho-Ser345 CHK1 by immunoblotting, subconfluent cells were treated with 2 mM HU for one hour or left untreated, then extracted with NP-40 buffer (0.5 % NP-40, 50 mM Tris pH 7.4, 150 mM NaCl) plus phosphatase inhibitors (10 mM sodium orthovanadate, 10 mM sodium pyrophosphate, 25 mM beta glycerophosphate, 25 mM sodium fluoride, and 10 mM sodium molybdate) and protease inhibitors as above. Approximately 50 µg protein was loaded per lane on SDS PAGE. After proteins were separated and transferred to nitrocellulose membrane, the membrane was blocked with 5% milk in Tris-buffered saline plus 0.1% Tween-20 (TBST) for one hour, then incubated overnight with anti-phospho-CHK1(Ser345) antibody. After washing and incubating with HRP conjugated secondary antibody, signal was detected with Perkin Elmer Western Lightning Plus reagent. Following exposure, the membrane was stripped with 2% SDS, 62.5 mM Tris pH 6.8, 100 mM beta mercaptoethanol for 30 minutes at 50°C, washed, blocked for one hour with 2% milk in TBST, and incubated overnight with anti-CHK1 antibody. After detection of the CHK1 signal by incubating with HRP conjugated secondary antibody and developing with Perkin Elmer Western Lightning Plus reagent, blots were incubated with anti-actinin antibody as a loading control and processed as above.
Reverse transcription and quantitative real-time PCR (RT-qPCR)
Efficiency of CTC1 and STN1 knockdown in the stable HeLa 1.2.11 clones was determined by one-step RT-qPCR with SYBR Green using the HotStart-It kit (USB) and RNA purified with the RNeasy kit (Qiagen). Efficiency of siRNA-mediated CTC1 knockdown in HeLa1.2.11 cells, siRNA-mediated TRF1 knockdown and shRNA-mediated STN1 knockdown in U2OS and HCT116 cells was determined by two-step RT-qPCR. RNA was purified using the RNeasy kit, and used as template for cDNA production, with oligo-dT as primer. The cDNA was then used as template in quantitative PCR reactions with SYBR Green and the HotStart-IT kit. GAPDH was used as the endogenous control in all cases. Reactions were done in at least duplicate in an Applied Biosystems 7900HT Fast Real Time PCR Machine. The normalized values for knockdown cells were plotted relative to the normalized value for either wild type cells or nontarget sh expressing cells. The primers used were: CTC1F4, 5'-TCTACCCAGAGAGTGCTTCCTGC (for one-step reactions); CTC1R4, 5'-GGACCTGCACGATGATGGACAC (for one-step reactions); CTC1-F, 5'-TGGCTCTTCGTCCGCTGGTTT; CTC1-R, 5'-AACTCCAGAGGACGCCG GATA; STN1F1, 5'-GAGATTCATGCCACCGCTTAC ; STN1R1, 5'-GCGCCTGGATTGCTTAGTG ; TRF1F, 5'-CATGGAACCCAGCAACAAGACC; TRF1R, 5'-CTGCTTTCAGTGGCTCTTCTGC; GAPDHF2, 5'-ACCATGAGAAGTATGACAACAGCCT; GAPDHR2, 5'-CCATCACGCCACAGTTTCCCG.
